Decline of nuclear and mitochondrial oxidative base excision repair activity in late passage human diploid fibroblasts.
There are numerous studies documenting the increase of oxidative DNA damage in the nuclei and mitochondria of senescing cells as well as in tissues of aging animals. Here, we show that in IMR 90 human diploid fibroblasts, DNA repair activity is robust in both nuclear and mitochondrial extracts, however, the levels of activity differed against the three substrates tested. In extracts, cleavage of the 8-oxoguanine substrate, and to a lesser extent the dihydrouracil-containing substrate, occurred in a concerted reaction between the DNA glycosylases and the second enzyme in the reaction, hAPE. Cleavage of both the furan and the dihydrouracil-containing substrates was unchanged when nuclear extracts from early and late passage cells were compared. However, cleavage of the 8-oxoguanine substrate was substantially reduced in the nuclear extracts from late passage cells and significantly reduced transcription from the hOGG1 gene was observed. When mitochondrial extracts were examined, activity on all three substrates was significantly reduced, with the reduction in hAPE activity being the most marked. The reduction in cleavage of the furan substrate was not simply due to inactive mitochondrial AP endonuclease but a substantially reduced amount of hAPE protein; transcription from the hAPE gene was also reduced. Confocal microscopic analysis confirmed that hAPE was present in the mitochondria of early passage cells but greatly reduced in the mitochondria of late passage cells. Cytoplasmic extracts from late passage fibroblasts also showed reduced activity with all three substrates suggesting that the residual hAPE, and activities that recognized dihydrouracil, were preferentially targeted to the nuclei. Taken together the data support the concept that the increase in oxidative damage in the mitochondrial DNA of senescing cells and tissues from aging animals is due to reduced base excision repair activity.